Neuroticism has been found to specifically modulate amygdala activations during differential processing of valence and motivation while other brain networks yet are unexplored for associated effects. The main purpose of this study was to investigate whether neural mechanisms processing valence or motivation are prone to neuroticism in the salience network (SN), a network that is anchored in the anterior cingulate cortex (ACC) and the anterior insula. This study used functional magnetic resonance imaging (fMRI) and an approach/avoid emotional pictures task to investigate brain activations modulated by pictures' valence or motivational status between high and low neurotic individuals. We found that neuroticism-dependent SN and the parahippocampal-fusiform area activations were modulated by motivation but not valence. Valence in contrast interacted with neuroticism in the lateral orbitofrontal cortex. We suggested that neuroticism modulated valence and motivation processing, however, under the influence of the two distinct networks.
| I N TR ODU C TI ON
Neuroticism is operationally defined by items related to worry, hostility, anxiety, anger, sadness, irritability, self-consciousness, and vulnerability (Lahey, 2009) and is one of the three basic elements of personality (Eysenck, 1990) . High neurotic individuals are often sensitive to negative stimulus and experience more negative emotions (Servaas et al., 2013) . Many studies have stated that neuroticism is robustly correlated with a wide range of both mental and physical health problems, such as generalized anxiety disorder, major depressive disorder, social phobia, and so on (Lahey, 2009; Servaas et al., 2013) .
On the neuronal level, it is still not fully understood why high neurotic individuals have so many emotional problems. Current research has accounted for pathological mechanisms starting with the maintenance of a negative valence processing bias (Chan, Goodwin, & Harmer, 2007; Ormel et al., 2013; Suls and Martin, 2005) , combined with a more active Yaling Deng and Shijia Li equally shared the first authorship. fear learning system (Servaas et al., 2013 ), which leads to higher level of stress and increased negative emotions (Suls and Martin, 2005) . High neurotic individuals have greater vigilance for emotional conflict and increased attention towards negative stimuli (Haas, Omura, Constable, & Canli, 2007) . Compelling evidence had shown that neuroticism modulates neural mechanisms during valence processing. For example, high neurotic individuals have increased activity in brain regions associated with negative emotion, including the amygdala (Br€ uck, Kreifelts, Kaza, Lotze, & Wildgruber, 2011; Haas et al., 2007) , anterior cingulate cortex (ACC) (Br€ uck et al., 2011; Chan, Norbury, Goodwin, & Harmer, 2009) , and insula (Stein, Simmons, Feinstein, & Paulus, 2007; Tolkunov, Rubin, & MujicaParodi, 2010) . In summary, it seems that the neural mechanisms under neuroticism and valence interaction have been well studied and the main focus targeted was the amygdala-ACC-insula areas.
The activation of ACC (Br€ uck et al., 2011; Chan et al., 2009 ) and insula (Stein et al., 2007; Tolkunov et al., 2010) were modulated by neuroticism. These two regions were the key regions of salience network (SN) and responded to behaviorally salient events/stimuli (Menon and Uddin, 2010; Seeley et al., 2007) . The concept of salience has been increasingly discussed as a crucial stage of information processing and reflects the ability of shifting one's brain state between default mode and task-processing mode (Menon and Uddin, 2010) . SN function abnormalities have been proposed in the development of psychotic symptoms (Krishnadas, Palaniyappan, Lang, Mclean, & Cavanagh, 2014) and depression (Horn et al., 2010) . SN has also been found related to the approach and avoidance motivation. Studies about personality trait have found that individuals who have higher sensitive avoidance motivation may show stronger ACC and insula reactivity in response to negative stimulus (for a review, see Kennis, Rademaker, & Geuze, 2013) .
However, SN has not been studied during specific states, for example, approaching or avoiding emotional stimulus.
Apart from valence processing, motivation processing is another important dimension of emotion. Valence and motivation correlate closely with each other. On one hand, processing positive stimulus may induce our motivation to approach them; in contrast, viewing threatening stimulus may cause our motivation to avoid them (Coan and Allen, 2003) . On the other hand, approaching negative stimulus makes us feel more unpleasant and withdrawing negative stimulus make us feel more comfortable. Some researchers have suggested motivation as the basis and core of emotion (Bradley, Codispoti, Cuthbert, & Lang, 2001; Panksepp, 2013) . Besides, the main purpose of emotional regulation is also maintaining and approaching positive emotion, meanwhile withdrawing from negative emotion (Gross, 2007) . Youngstorm and Izard (2008) even stated the approach and avoidance emotional models of psychopathology which pointed out that most psychopathology were related to the dysregulation of approach and avoidance systems.
However, neurotic influencing motivation (another important dimension of emotion (Davidson, Ekman, Saron, Senulis, & Friesen, 1990) , as well as their neural mechanism, were still under investigation.
Neuroticism is robustly correlated with emotional dysregulation and a wide range of emotional problems (Lahey, 2009; Servaas et al., 2013 There are some recent studies on neuroticism and motivational dimension interaction. Amygdala, the core part of emotion processing has been suggested to process emotional valence specifically. However, Cunningham, Arbuckle, Jahn, Mowrer, and Abduljalil (2011) integrated previous results and proposed a motivational salience hypothesis, which stated that amygdala was also sensitive to motivational relevance. In a large-scale imaging genetics study on nearly 180 subjects, Kruschwitz et al. (2015) found that amygdala functional connectivity (FC) plays a crucial role to mediate biological mechanisms leading to high neuroticism. Moreover, they found that the 5-HTTLPR/rs25531 (the promoter region of the serotonin transporter linked region) polymorphism was correlated with both neuroticism and amygdala resting state functional connectivity (FC) to fusiform gyrus, suggesting that genotype and neuroticism together may account for altered negative facial emotions processing. Apart from the amygdala, due to the close involvement of the ACC and insula in neuroticism and emotion processing, the SN might also play an important role in the neuroticism and motivation interaction. Paulus, Rogalsky, Simmons, Feinstein, and Stein (2003) have found that the degree of insula activation was positively related to the subjects' degree of harm avoidance and neuroticism. A very recent meta-analysis study has found that insula (especially dorsal anterior insula) may be critical for developing and updating motivational states with specific associated actions (Wager and Barrett, 2017) .
So the aim of this study was to investigate (1) whether valence or motivation processing is modulated by neuroticism and what brain regions are involved; (2) does the SN play a role in the interactions. This study used functional magnetic resonance imaging (fMRI) and an approach/ avoid emotional pictures task that adapted from Cunningham et al. (2011) .
Given the evidence that neuroticism is associated with complex impairments of emotional processing (for a review, see Servaas et al., 2013 ) and the close relationship between motivation and emotional dysregulation, we hypothesized that neuroticism is related to the functional abnormalities in approaching and avoiding emotional stimulus and the related brain regions are SN. We also predicted that neuroticism modulated valence and motivation through different networks. Specifically, high neuroticism may show stronger SN activation when avoiding stimulus compared to approach stimulus, as we mentioned above that high neuroticism had deficits in harm avoidance (Haas et al., 2007; Paulus et al., 2003) . 
| Participants
Fifty healthy right-handed female participants after preselection of neuroticism scores (described below) took part in this study. We used
very strict criteria to select our samples. One hundred and seventy six subjects were screened to reach the final sample. We first interviewed all the subjects one by one to collect their demographic information and asked them several questions to identify whether they met the criteria. The inclusion criteria were as follows: no personal history of diagnosed psychiatric disorders, no substance abuse during the previous 6 months, no neurological problems, no use of mood-altering medication (such as amphetamines, coffee, alcohol, and tea are not included here) or oral contraceptives, not pregnant, suitable for MRI scan, including no metals inside the body and no claustrophobia (fear of enclosed spaces).
One hundred and sixty three subjects meet these criteria. To assess the neuroticism trait, all participants completed the Eysenck Personality Questionnaire-Short Scale for Chinese (Qian, Wu, Zhu, & Zhang, 2000) .
There are 48 items in this scale and they are divided into 4 subscales (EPQ-N: Neuroticism; EPQ-P: Psychoticism; EPQ-E: Extraversion; EPQ-L: Lie). Each sub-scale contains 12 items. For each item, participants answered either "yes" to get 1 point or "no" to get 0 points. The retest reliability of neuroticism is 0.80 and the validity is 0.63 (Qian et al., 2000) .
For a normal sample, the score of neuroticism is 4.81 6 2.95 (Mean 6 SD). Participants with neuroticism scores lower than Mean 2 1 SD were sorted into the low neuroticism group (n 5 28), while scores higher than Mean 1 1 SD resulted in assignment to the high neuroticism group (n 5 29). Then we organized the 57 subjects to go to the hospital to do the comprehensive physical and psychological examinations. Those who had any abnormal examination results were excluded from the sample.
Finally we got 26 participants (age: 23.231 6 3.525, mean 6 SD) in the high N group (neuroticism scores: 8.69 6 1.46, mean 6 SD) and 24 participants (age: 23.833 6 3.306, mean 6 SD) in the low N group (neuroticism scores: 0.75 6 1.54, mean 6 SD). The neuroticism scores were significantly different between two groups (t 48 5 18.702, p < .001). All participants provided written informed consent.
| Experimental design
Participants were presented with an emotional approach/avoid picture task in the fMRI scanner ( Figure 1 ). There were 3 runs, 6 blocks per run, 12 trials per block and a total of 216 trials. Pictures were presented one at a time. The "approach" block (n 5 9) including 108 pictures and the "avoid" block (n 5 9) including another 108 pictures, which were randomly presented. All pictures were initially presented to fill 75% of the screen. In the "approach" block, participants were instructed to press the left button to "approach" the picture as soon as possible when they saw a picture. Then the picture would be enlarged until it filled 100% of the screen in 3 s. At the same time, participants were to imagine themselves approaching the stimulus or scene as if this was a real approach situation. In the "avoid" block, participants were instructed to press the right button to "avoid" the picture; and upon button press the picture would be compressed until it filled 50% of the screen in 3 s. At the same time, participants were to imagine themselves avoiding the stimulus or scene as if this was a real avoid situation.
The pictures were selected from IAPS (Lang, Bradley, & Cuthbert, 2005) , including 72 positive pictures, 72 negative pictures, and 72 neutral pictures (Arousal positive 56.00 6 0.73, mean 6 SD; Arousal negative 5 5.70 6 0.70, mean 6 SD; Arousal neutral 5 4.37 6 0.52, mean 6 SD;
Valence positive 5 7.40 6 0.45, mean 6 SD; Valence negative 5 2.06 6 0.49, mean 6 SD; Valence neutral 5 4.84 6 0.40, mean 6 SD). The three types of pictures were significantly different on valence (F 2,215 5 2581.65, p < .001) and arousal (F 2,215 5 126.23, p < .001). The arousal of positive and negative pictures was significantly higher than neutral ones (both p < .001). In each block, positive/negative/neutral pictures were equally distributed and were randomly displayed.
Instructions appeared for 4 s prior to each block to tell participants which button they should press in this block. A fixation cross appeared for 4 s after the instruction, followed with a picture. The pictures changed after button press at 5% every 600 ms to create fluid motion and took 3 s to reach 100% or 50%, respectively. A variable fixation of 2, 4, or 6 s appeared between each pictures to allow for the estimation of the hemodynamic response. The procedure lasted for about 30 min.
All the participants practiced the task prior to recording.
| Image acquisition and analysis
Images were acquired in a Siemens Prisma 3 T MR-scanner. 
| Preprocessing
Functional data were preprocessed and analyzed using the statistical parametric mapping software package SPM12 (http://www.fil.ion.ucl.
ac.uk/spm/) implemented in Matlab 12a (www.mathworks.com/ products/matlab/). Time series were corrected for differences in slice acquisition times. After spatial realignment to the first image, a mean EPI was created and the movement parameters for each participant were inspected. If a participant moved more than 3 mm in any direction (anterior-posterior, right-left, inferior-superior), the data were excluded from further analysis. For each participant, functional EPI scans were then co-registered to their corresponding highresolution T1 anatomical image. The unsegmented T1 anatomical images were then spatially normalized to the SPM12 MNI template using the default settings. The transformations from the co-registration and normalization steps were applied to the EPI functional scans and new images were created that were interpolated to have voxel dimensions of 3 mm 3 3 mm 3 3 mm. To enhance signal-to-noise ratios, these images were smoothed using an 8 mm FWHM (full-width-half-maximum) kernel.
| Whole-brain analysis
Low-frequency noise was removed by applying a high-pass filter (cutoff of 128 s) to the fMRI time series at each voxel and modeled for temporal autocorrelation across scans with an autoregressive AR(1) model. Significant hemodynamic changes for each condition were calculated using the general linear model (Friston et al., 1997) 
| Region of interest analysis
Prior studies suggested a strong connection between the SN activation and neuroticism personality (Haas et al., 2007; Reuter et al., 2004; Stein et al., 2007; Tolkunov et al., 2010) . Therefore, we want to restrict our search region within the SN in addition to our whole brain results.
To achieve this goal, we used a bilateral ACC mask and a bilateral insula mask (aal masks that were predefined by the WFU pickatlas (Maldjian, Laurienti, Kraft, & Burdette, 2003) ) and performed a region of interest (ROI) analysis to test the interaction of group by valence and group by motivation specifically in the SN. For display purposes, the mean betas of the significant brain regions were extracted using Marsbar 0.44 (Brett et al., 2002) .
| RE S U L TS

| Whole-brain results
In our study, all three factors-group (high vs low neuroticism), valence (positive vs negative vs. neutral), and motivation (approach vs avoid)-showed significant main effects in several brain regions. There were also significant interactions of group by valence and motivation by valence; however neither the group by motivation interaction nor the group by motivation by valence interaction survived the threshold significance. All the details of significant main effects and interactions were shown in supplementary material (Supporting Information Table S1 ).
To check the significant directions, we modeled t contrasts in the full factorial model and investigated the group related main effects and interactions. We found that high neurotic individuals showed stronger activation in the left superior parietal lobule (SPL) compared to low neurotic individuals ([221 255 56], k 5 432, t 5 5.41, p < .001 FWE correction; Figure 2 and Table 1 ).
We then found that positive stimuli triggered stronger activation in the bilateral inferior frontal gyrus (pars orbitalis, IFG-orb) than negative stimuli, with the effect more evident in high neurotic individuals as Table 1 ).
However, no significant group effect was found for the contrast positive versus neutral or the negative versus neutral.
Although there is no significant group by motivation interaction, T contrast showed that low neurotic individuals showed stronger FIG URE 1 Procedure of each trial. All pictures were initially presented to fill 75% of the screen. In the "approach" block, participants were instructed to press the left button to "approach" the picture as soon as possible when they saw a picture. Then the picture would be enlarged until it fills 100% of the screen in 3 s. At the same time, participants should imagine themselves approaching the stimulus or scene in the picture as if this was a real approach situation. In the "avoid" block, participants were instructed to press the right button to "avoid" the picture. Upon button press, the picture would be compressed until it fills 50% of the screen in 3 s. At the same time, participants should imagine themselves avoiding the stimulus or scene in the pictures as if this was a real avoid situation [Color figure can be viewed at wileyonlinelibrary.com] 
| Region of interest analysis: Salience network
We then interested in investigating whether it is valence or motivation that is modulated by neuroticism in the SN, specifically. We found that 
| D ISC USSION
To our knowledge, this is the first study to investigate whether it is valence or motivation that is modulated by neuroticism and its underlying brain mechanism, especially in the SN. In general, we found that high neurotic individuals exhibited stronger activation in SPL than low high neurotic individuals showed stronger activation in SN when avoiding pictures.
The activation of ACC and insula have been previously related to neuroticism (Haas et al., 2007; Stein et al., 2007; Tolkunov et al., 2010) , and the two regions play an important role in SN and respond to behaviorally salient events (Li et al., 2017; Menon and Uddin, 2010; Seeley et al., 2007) . However previous studies focused on the processing of negative emotional stimuli, regardless of their motivational status. It is thus very interesting that motivation but not valence processing is modulated by neuroticism according to our present results.
Few studies have discussed neuroticism with SN, but many studies about depression have proved the important role of SN to negative bias. High neurotic individuals and depressive individuals both have negative bias (Chan et al., 2007; Disner, Beevers, Haigh, & Beck, 2011; Ormel et al., 2013; Suls and Martin, 2005) . Studies about depression, for which neuroticism is a high risk factor, have found the co-activation of ACC and insula and discussed it in terms of a hijacked SN (Horn et al., 2010) . Depressive individuals showed stronger ACC activation when successfully inhibiting attention to negative stimulus (Eugene, Joormann, Cooney, Atlas, & Gotlib, 2010; Elliott, Rubinsztein, Sahakian, & Dolan, 2002; Mitterschiffthaler et al., 2008) . This may suggest that depressive individuals need greater cognitive effort to divert attention away from negative stimulus. But in this study about neuroticism, we found that high neurotic individuals showed greater activation at ACC There is another explanation for this motivation related results.
According to Gray's reinforcement sensitivity theory (Gray and McNaughton, 2000) , neuroticism is closely related to the Fight Flight Freeze System (FFFS) (Costa & McCrae, 1995; Smits and Boeck, 2006) and the Behavioral Inhibition System (BIS) (DeYoung, Quilty, & Peterson, 2007; Eysenck, 1990; Heym, Ferguson, & Lawrence, 2008) . Both of the systems are involved in avoidance behavior and the related brain regions include subgenual anterior cingulate, insula, and parahippocampalfusiform region (for a review, see Kennis et al., 2013) . Neuroticism was positively related to activity in the subgenual ACC that was elicited by incongruent stimuli (Haas et al., 2007) in the insula when threatened (Reuter et al., 2004) and in the parahippocampal-fusiform region when a negative association was learned (Hooker, Verosky, Miyakawa, Knight, & D'esposito, 2008) . The hyperactivity in these brain regions may reflect a more sensitive avoidance system of high neurotic individuals. As for the fusiform region, a study with a large sample has found that high neurotic individuals obtained more positive resting-state functional connectivity between fusiform region and amygdala (Kruschwitz et al., 2015) .
The increased activation shown by our high neurotic individuals in superior parietal lobule in this approaching and avoiding emotional paradigm are similar to those observed in fear learning (Hooker et al., 2008 ) and anticipation of negative pictures (Br€ uhl, Viebke, Baumgartner, Kaffenberger, & Herwig, 2011) . This area appears to be involved in controlled processing, because of its activation during controlled processing task (Eisenberger, Lieberman, & Satpute, 2005) . These consistent results of more activation in SPL for high neurotic individuals may imply increased efforts to achieve the target. This result may provide evidence for the notion that high neurotic individuals need greater regulatory efforts to gain cognitive control over their emotions (Servaas et al., 2013) .
As for the interaction effect of the group by valence, high neurotic individuals had stronger activation at lateral orbital gyrus when processing positive pictures compared to negative pictures, while low neurotic individuals didn't have this significant difference. A key role for the lateral orbital gyrus in representation of emotional stimuli and assignment of emotional valence has been proposed from previous studies (Xenia et al., 2005 ) and a similar pattern was seen here. Such a pattern may be explained in that high neurotic individuals are more sensitive to negative stimuli. Besides, the lateral orbital frontal cortex is also involved in evaluating the punishment value of reinforcers (for a review, see Kringelbach and Rolls, 2004 ). An alternative interpretation of this effect is that high neurotic individuals evaluate the negative stimulus more negatively. This may be further evidence that high neurotic individuals have a negative processing bias (Chan et al., 2007; Ormel et al., 2013; Suls and Martin, 2005) .
Many studies have found that neuroticism was associated with hyperactivity of the amygdala in response to negative stimulus (Canli et al., 2008; Chan et al., 2009; Haas et al., 2007) . Amygdala plays an important role in threat detection (Ormel et al., 2013) . In our study, however, we didn't find any group differences in amygdala. This inconsistency may result from different experimental designs. Participants in this study were instructed to either approach or avoid the emotional pictures instead of viewing them passively. Changes in motivational direction may change the affective meaning of the stimulus (Cunningham et al., 2011 The most important result of this study was that both ACC and insula were modulated by an interaction of neuroticism and motivation but not valence. High neurotic individuals had stronger activity in SN when avoiding emotional pictures. Combined with the whole brain results, neuroticism showed relevant modulation of both valence and motivation related activities. However, two distinct networks mediated these two processes. Neuroticism modulated the motivation through the SN while modulated the valence through the orbital frontal networks.
| L I M I TA TI ONS
Several limitations need to be considered to evaluate the results. First, all the participants in this study were women, so there was a limitation to expand these results to the whole population. Besides, menstrual cycle in female participants is well known to play a role in emotion processing (Xenia et al., 2005) . To avoid the influence of menstrual cycle, we carefully arranged all the female participants were in their luteal phase. Because women in this period had both high estrogen and high progesterone, and were more sensitive to negative stimulus (for a review, see Sakaki & Mather, 2012) , future studies should compare the different period stages. Furthermore, neuroticism may be divided into two subdimensions: volatility and withdrawal. Though they are both correlated to the avoidance system, they do have a few differences.
Volatility is central to the FFFS and indicative of aggression and active avoidance, while withdrawal represents inhibition of responses and is more closely to the inhibition system (DeYoung et al., 2007) . Future studies should thus investigate the differences between the two subdimensions of neuroticism in approaching and avoiding conditions. 
